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Wlll'^N PlONEKl? AiiHTicaii fanners cleared foresl 
>V lands or plowed native sod in order to secure 
land for the production of farm crops they removed 
nature's protective covering from nnmy of the natural 
dei)rcssions Hint collected Ihc run-off from Ihcir fields 
and conveyed it lo streams and rivers. Destructive 
sullying,' of farm land l)e^nn in these unprotected 
(Iraina^'eways. Consi rvation farming necessitates 
Hie repair or rei)uii(iing of these damaged drainage- 
ways and the construction of new nutlets to (lisposc 
safely of the run-ofl' discharged from terraces, diver- 
sion ditches, and other erosion-control measures thut 
are now used extensively. 

This hullclin is a com'pilntion of the hcst inforniii- 
tion now avaiinlih- for farmers on the construction 
and use of terrace oullcis and the protection, im- 
provement, and maintenance of other .sloping drain- 
ageways. The term "drainageways" as used in this 
bulletin refers primarilv to chnnnel.s of surface drain- 
age in the upper reaches of watersheds or in unit 
drainage hasins, "Outlet" is a more leslrieted term 
and refers oidy lo drainageways that are provided to 
receive and convey the discharge frojn the ends of 
terraces. 

The scojie of this material is limite<l to surface ruii- 
oil-dispo.sal measures required in upland or rolling 
terrain where slopes are steep enough to cause 
channel erosion. 11 does not cover surface drainage 
or underdrainage of flMtlands where nutural drainage 
is inade(piate. 



Wmhiniclon. H. C. I»,oi.d July 1939 
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DRAINAGEWAYS AND OUTLETS IN CONSERVATION FARMING 

I A i\ INTRICATE SYSTEM of Mcll-jM-otected natural drainagii- 
ri. ways and watercourses once covered the United States. This 

I branchiiiL' sj'stein of druinufieAvays in the upper reaches of wntor- 
slieds and flat-channeled Avatei'courses in the lower portions collectt'd 
and conveyed the siirfHce run-bff. These flat-channeled watercourses, 
the rivers witli their branching tributaries, streams, and creeks, 
formed the central part of this natural nin-off-disposal system. Their 
ehaimels wore reduced to flat, nonorosive prades and were practically 
stabilized. These main watercourses wore fed by nmnerous well- 
sodded or ^yooded drainagewa^'s that branched out through all natu- 
la! depressions in the upper reaches of watersheds and collected 
11 lid conveyed the ruu-olT from each drainage unit. Adequate sur- 
face drainage was i^rovided for nil drainage units, except possibly 
those in swamjjy or low-lying lands. The channels of these drain- 
a/reways were steej), in compai'ison with the channels of the main 
watercourses, but the dense cover of veOTtation gave suflicient ijro- 
tpction to prevent harmful scouring and uie formation of gullies. 

But when the forest lands were cleared and the native sod plowed, 
tlie protective covering was destroyed in the natural depressions or 
drainageways as well as on the sloping fields, and little tnought was 
Siven to the change this was making in the drainage system of farms 
and the effect it would have on the land (fig. 1). Not only did severe 
sheet erosi on develop on the slojiing lands, but the depressions fciiat 

f'/J"'*''' h"lli>tln Ims been prepared under the ccneral supervision of T. IS. Cliauibers, head 
^'cction of KnsineerlnK. The iiarts of tiie bulletin tlmt relate to the use of vejieta- 
n? prepared In c<>oper:itlon with C. K. Enlow, liwd of the Section of Agroncmn 

"""ne Mnmiccnipnt. Howard Matson. reelonal unKlnepr. Soil Conservation Servicf, 
•'Ki Hans G. Jepsuiii, 8«K!tion of Eni;lne«rinK, both made vnlunblc eontrihutions. 
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FiouHE 1. — A, Pimlty tillafrc i)rattiws can bo elmrgt'd witli tlio rupW loss ' 
l()l)soll from this fm'tile field. B. Tlii.s natural dt-prcssioii Is still a driiiM? 
way, evi'u tlKiUKli it lias boon stripped of Us protective plant cover. WitW 
timt cover fli<j aiaiimgeway will bocomc a starting jiolMt for gullies. 
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had been left unprotected were unable to carry the concentrated r\m- 
off to stabilized streams or creeks without destructive gullying. Majiy 
huge gullies and ditches were started in these natural depressions 
and gradually branched out into all parts of a farm. They maned 
the landscape and eventually dissected many fields so completely that 
economical tillage operations were made exceedingly difficult and 
many ground-water levels were materially lowered. A large amount 
of fei'tile soil was carried away. As the gullying and sheet erosion 
progressed, many of the fields had to he abandoned entirely (fig. 2). 
The extensive construction of roads has also greatly changed and 
complicated the pattern of natural drainage and induced widesjjrwd 
erosion. 

Terracing to divert run-off from cidtivated fields has been used 
widely in the South for many years, and the use of terraces is rapidly 
.■ipreading to other parts of the country. The nuiimer of terrace lay- 
out and construction and the lack of adequate outlet protection fre- 
quently rendered the earlier work ineffective. Considerable care 
and experimentation were often devoted to the construction of the 
terraces themselves, but usually little thought was given to the final 
disposal of the run-off. The terraces caused increased conceiitration 
of run-off, which usually aggravated gully erosion in the drainage- 
ways and ha.stened the formation of objectionable ditches. As the 
(lrainageway.s gullie<l, excessi\-c overfalls advanced up the terrace 
cliannels, increasing grades and channel depths until the terraces 
became a detriment to rather than a means of conserAdng the soil. 
I'robably more failures of terrace systems are due to improperly 
planned and protected outlets than to any other single cause. 

During the last few years the national conservation movement has 
led not oidy to the general recognition of the need for numerous 
soil and water conservation practices but to an effective coordination 
of these practices and their a]iplic!ition on more farms than ever 
before. One or more such measures as crop rotations, vegetal covers, 
'^trip cropping, contour tillage, diA'ersion ditches, and terracing will 



large part of our agricultural lands, even though their use will fre- 
quently necessitate a radical change in traditional tillage practices. 
These measures will gi\ e adequate protection only if proj^er methods 
of protecting outlets and drainageways are developed to supplement 
them. Soil conservation measures can give only temjwi'ury or partial 
protection if the drainageways ai-e neglected and allowed to erode. 
Terracing, in particular, will never be satisfactory unless the terraces 
empty into properly constructed outlets. In order to jirovide for 
the safe disposal of surface run-off, stabilized drainageways will be 
necessary even in areas where terracing is not used. In fact, the 
establishment of vSatisfactory drainagcwuvs is one of the initial pi'ob- 
lems in developing soil conservation plans in all areas where there 
i-^ surface run-ofl'. 

Tnder the Soil Conservation Act of 1935 the Govenmient has 
established numerous demonst rational and experimental i^rojects in 
(lifTerent problem areas of the T"^nited States. Tliese projects have 
provided opportunity for intensive study in establislnng practical 



eventually become a definite 




f conservation practices on a 
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water-disposal systoms on cultivated hind and have hecn an impetus 
to such study. They have ])rovided an opportunity for extensive 
field observations and trials and for men with sjx'cial traininj;; in en- 
gineering, soils, and sigrononjy to work together on the same ])roblein. 
From the extensive field operations of these S])ecialists has come a f 
material advancement in tlie technique of constructing satisfactorv 
outlets and drainageways. During the earlier part of this wori, 
more information was obtained on the design and construction of 




1"'I0UBK 2. — Sfverc guli.vliiK i-vfutuiiU.v liraiiclu's o\n from (ImiiiiiKoways tliat nte 
Inadequately ni-ottsutctl. This llHil chh no lunge'r be eeououilwiUy tilled. 



mechnnically ])rotocted outlets than on the use of vegetation in run- 
off disposal. Althotigh mechanically protected outlets were efl'ectiye 
and many of tlieni justifiablo, the need for a more sini])le, cheaper, 
and more ])ractical means of controlling erosion in outlets and drain- 
age ways was soon i-ccognized. Recent observations indicate tkt 
sod can be used extensively as a ]irotective covering or lining for 
constructed channels and tl'rainageways in the majoi'ity of ufrriciil- 
tural areas. When ])roperiy used, its resistance to erosion from con- 
centrated ilo-\ving waters is nmch greater than was at first believed. 

TYPES OF DKAINAGEWAYS AND OUTLETS 

The classification of drainageways and outlets used in this bulle- 
tin is shown in table 1. Natural a'nd constructed drainageways are 
used on both terraced and nntcrrii -oil areas. On terraced areas there 
are two main types of outlet^, individual outlets and collective out- 
lets. Terraces "have individual outlets if the run-olF froni oach ter- 
race is indei)endently discharged ovei- a slope. A collective outlet 
is a draw or channel that ivceivcs the discharge from two or more 
terraces. A colkctive outlet is referred to as an outlet stn]) or a 
terrace-outlet channel. 
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Tabi-k 1. — Types of drainagourays ami outlets 



Drainafeways 


Natural 


Constructed 


AVith plant 


Without 
plant cover 


Vegetated 


Meehanieal 


Miscellaneous 


praws (un terraced 

areas). 
Individual outlets- 
Collective outlets. 


/Grassed ' 

\Wooded. 

fOrassed slope ' 
IWoodod slope 
|ara3.scd ' 


Rock.. . . 
Itock slope, 
iiock 


Meadow .strip 

ra.<ture strip 

Orasscd slope ' 

Wooded slope 
Meadow or pasture 

strip. 
Field or roadside 

channel. 


Drop cheek. 
Lined . . 
Drop cheek 
Lined * 
Drop check 

Lined ' . _ 


Combination. 

I'niined. 

Absorptive. 

Aceumulatlve. 

Combination. 

Unllued. 



1 Olten referred to as "meadow" or "pasture," depending on how the forage is utilUcd. 
1 UiseharKo velocities are usually higher In lined outlets, and the channels are sometimes referred to as 
high-veloeity ehannels. 

NATURAL 



A few farmers were far.sighted oiioiijjfh when they first ploweil new 
fields to leave the ori^^iiial jihuit cover undisturbed in natin'al depres- 
sions, tlie curriers of lun-olf from their fields (fifj. 3). These ftirni- 
eis ha^•e invariably been well reptiid because tJie original cover of 
vegetation has prevented gullying and made unnecessary costly 
exjienditures to reestablish a iirotective covering;. These few undis- 
turbed draws are no^\• the only draiiuigeways still protected by their 
original vegetal co\'or. Thev should be piotei led and utilized to the 
fullest extent possible because it is usually diilicult to reestablish or 
duplicate the native vegetation, and, at best, it is likely to be a costly 
procedure. 

Natural drainageways ma}' Jilso include some rocky slopes or draws 
that convej- run-off and are adequately' protected from erosion by 
rock or gravel deposits. These are often referred to us rock washes. 




FioiiiiE 3.— This blucgrass draiiitigeway near MoGiegor, Iowa, lias not been 
PlowiHl ill the Inst 35 vearK. It is typical of some of tlio well-maintained 
drainageways in thjs loculity. 
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Natural drainapeways tJiat have boon only partially damaged by 
ovcr<j:razing or the development of small pullies or breaks in tlie 
original eover ean usually be repaired and restored. The sooner this 
is done the more successful it will be and the smaller will be the 
expenditure of labor and materials requii-ed. Frequently the plant 
cover can be revived by only restricting grazing on the area for one or 
more seasons. In addition to ])rotPCtion from overgrazing, the more 
severeh' damaged areas may re(iuiro fertilization and the reostablish- 
ment of vegetation on cerluiu jwrtions by seeding or sodding. It is 
usually much easier to rei)air a few weak patches or damaged spots in 
a drainRgeway in which the major portion is still covered with the 
natural vegetation than to establish h new vegetal cover over tlie 
entire area. Once a complete cover has been restored, it should be 
protected from future danmgp. Well-inotectcd natural drainagewajs 
tisuftlly prore to be the most satisfactory. 

CONSTRUCTED 

Since so many of tlie natural drain;igeways have been spvcrely 
damaged b}- gnllying or have had their protective covering coin|)letelv 
destroyed, it is necessary either to construct new ones or to rebuild 
old ones in order to provide adequate means for the safe disposal 
of rainfall that eannot Ix* eeonouiieally utilized on the watershed, 
The reconstruetion of these draiuageways is usually most satisfactory 
if tlie natural features of the drainageway arc reproduced as nearly 
as possible. There are some areas, however, where the soil and, 
climate or the artificial conditions introduced with agricultural 
practices may justify or even iioeossitate some modification of natures 
procedure. Constructed draiuageways and outlets now in use can be 
classified in the three groups indientetl in table 1: (1) Vegetated, (2) 
mechanical,, and (3) miscellaneous. 

Vegetated drainageways and outlets are those in which some form 
of vegetation, usually some dense-growing grass, is ostablisliod tO| 
protect the soil from erosion. Several types have been developed in 
.order to provide for the variations in local conditions and topofr- 
rapliy. If a natural swale or depression is retired to pemaiipnt 
r»>gc4ation for the purpose of conveying run-off from eitlier a ter- 
raced or unterraceu arwi, it is referred to as a meadow or pasture 
strip, according to the use made of the forage (fig. 4). If used for 
hay production, it is a meadow strip; if it is to be grazed, it is a 
]mstiire strip. Sloi>es may be vegetated and used for individual ter- 
race outlets. Restricted vegetated channels are frequently used as 
eolleetivo terrace outlets. They differ from grassed strips in that 
the formed or restricted channel concentrates the run-off on a nar- 
rower area (fig. 5). Tliey may be located either in fields (field 
channels) or along the highway right-of-way (roadside channels), 
where they usually serve a dual purpose by conveying the run-off 
from tile highway as well as from the adjacent land. BecaviSe the 
cross section of constructed ehuiiiiels is smaller than that of the 
meadow or pasture strips, the velocity and depth of flow in these 
channels is g;ro«t«r, and therefwre more precaution is necessary in 



TEKRACE OUTLKTS AND FARM DRAINAGEWAYS 



7 




FiGUBE 4. — A ineadow-strip dralnagoway that gives siitlsfiictory rnii-off disposal. 
Tlio hay crop grown on this dralungoway prorldiii! mi Ineoiiie from the 
land. 




riODKE 5. — V-shapcd vfgotatod channels such an this are somotlmos used where 
fi satisfactory iiljiut cover can he proridod, where the rini-olT is small, and 
where It is desirable to concentrate the discharge on a restricted area. 
131351'— 38 2 
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their desijrn anJ conslriK lion. Tlie oliamiel cross sections are lim- 
ited to those tliat it is practical to conslnict, vogetsUe, and maintain. 
Where one channel will not i)rovide adequate capacity, multiple chan- 
nels, which consist of two or more parallel channels, may he used. 

Mechanical jMotection is usually used only in outlets where climate 
and soil conditions restrict the development of an adequate protec- 
tion of vegetation. Where unusual conditions prevail, uiechaiiical 
protection may e\en be necessary in drainageways on unterraced 
areas as well as in outlets on terraced areas. Structural iirotectioii 
such as masonry, asphalt, or metal drop checks or linings are used to 
l)revent advancement of overfalls and channel erosion. Low-velocity 
mechanical outlets are built by using a series of drop-check struc- 
tures at definite inlerrals to reduce tlie channel grade (fig. 6). The 




FiouuK e. — Drop-fliPck struftiires rcdnrc tlie Kriuk' i)f tliis terracc-outli't ilwu- 
nel. The nm-dlif is .>;]o\vi'(l down. 



flat grades between structures pi-oront tlie run-off water from attain- 
ing a scouring velocity. If considerable run-off must he conveyed 
over steep slopes it is sometimes necessary to provide a continuous 
channel lining of an erosion-resistant material such as masonry, as- 
])halt, or metal. The steeply sloping conduits require minimum cross- 
siH-tional tweas, and they produce high channel velocities, but the 
structural linings prevent lirtrmful souring (fig. 7). These conduits 
may be of tlic open type, placed at tlie ground surface, or of the 
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FiauEE 7. — This outlft chiiiinol Is protwtod by ii coutiiuioiis lining of rubble 

luasuurjr. 



closed typc, which is iisually placed under the siirfncc. Considerable 
precision and care must be exercised in the use, design, and con- 
struction of mechanically protected outlets. 

Numerous niiscellaneous types of drainagcways have been used 
satisfactorily in vnrious sections of the country. Their use, however, 
is almost entirely dependent upon certain local conditions. AVhere 
flat slopes prevail, unlincd or unprotected drainageways are often 
satisfactory. In combination outlet channels more than one type of 
protoctive measure is used to provide satisfactory nm-ofF disi)osal. 
If the combination consists of vegetation and mechanical structures 
the vegetation is usually used in the upper reaches of the channel and 
the mechanical measures in the lower portions. Absorptive outlets 
are those in which contour furrows, rulges, ditches, or other such 
means are used to collect and hold the run-off until it is absorbed 
by the soil. In limestone areas it is sometimes possible to dispose of 
run-off from terraced fields or other land by directing it into sink- 
holes, which are common in these areas, liun-off may also be dis- 
'•harged directly into farm ponds, dugouts, or similar reservoiis and 
stored for recreation or for use by livestock or wildlife. 

PLANNING RUN-OFF-DISPOSAL SYSTEMS 

The success of conservation measures is dependent upon satisfactory 
drainagcways. In the reorganization of farm plans for the estab- 
lishment of proper land use and soil conservation measures the 
planning of these driiiniigetrays should usually be considered first. 
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Adjustin^j field boiuidaiy lines, terracing, strip cropping, and other 
conservation niensures arc often necessary to assure the most sntis- 
factory drainagcways. It would be poor planning to expend money 
and effort on contour cultivation, conservation rotations, strip 
cropping, or terraces and to neglect the drainageways. Gullying in 
drainagc\yays would eventually destroy any benefits derived from'^tlie 
conservation niensures on the adjacent slopes. Run-off-disposal sys- 
tems can seldom be eliminated because considerable surplus rainfall 
will generally be discharged from all agricultural land, regardless 
of the soil and water conservation measures used. In semiarid 
regions, where absor])tive measures can be tised to retain most of the. 
rainfall, there is loss need for drainageways. 

Tlie importance of dovelojjing on a farm a riin-off-disposid i)lun 
that is in harmony with drain<igc plans on adjacent farms or fields is 
evident when it is realized that nin-off discliarged from one area 
usually passes over adjacent areas bofoic it reaches a regular water- 
course. Natural depressions generally provide the most satisfactory 
drainageways. Attempts to establish now ones in other locations to 
accommodate individual plans or conservation practices frequently 
lead to serious difficulties. If a com])lete water-dis]wsal plan is not 
made at the outset, a series of unrelated outlets and drainageways is 
frequently developed. They may follow farm roads, field or property 
lines, or other similar features that have no definite relation to natural 
drainage courses. Many of these individual drainageways that 
result from haphazard planning cannot be utilized efficiently when 
additional conservation measures arc establislied, and they may cTen 
hinder the use of subsequent conservation ])racticcs. 

It is usually necessary to plan surface drainage systems according 
to drainage units. A drainage unit comprises a natural depression 
or dr.ainageway, together with the adjacent hind that slopes toward 
it. Since farm boiindarv lines seldom coincide with natural drain- 
age divides, it is frequently necessary to consider the fields on adjacent 
farms in developing preliminary drainageway plans for a single farm. 
Figure 8 shows that natural drainageways may cross several farms 
m such a way that rnn-ofF disposal must" be planned for individual 
farms in accordance Avith the natural drainage of adjacent farms. 
"With a jjroperly planned procedure, individual drainageways can 
usually be established so that all the drainageways on a single farm 
or on adjacent farms can be fitted together without difficulty or 
expense when the final job is completed for the entire drainage unit. 

Tlio first step in planning any type of nm-ofF-disposal sj'stem for n 
field or farm is to make a plivsicnl inspection of the adjacent areas as 
wll as the area under consideration and note to]>ogi'a])hical features 
such as drains, laterals, ridges, slojies, and gullies and any other features 
that may influence the location of drainageways. Field and property 
lines, roads, buildings, and fences should be noted. Tliis ])relim]iiary 
inspection Avill make i)ossiblo a tentative selection of at least the main 
depressions that should be reserved for pennanent drainageways. The 
number of lateral di'aina^eways required will depend not only on the 
topogi-ajihical features but also on the soil conservation i)ractices us*d. 
Where ruii-(»ff iuteiwption is to be provided by tlie u«e of mdi means 
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as terraces and diversion ditclies the riin-oiT is usually diverted from 
one or more minor dej)rpssions, so that the n\mibor of drainagewavs 
that must he constructed is matevially reduced. As land use and soil 
conservation jihins are developed for the farm, the field boundaries 
fence lines, and meadow or })asture areas can oflen be changed so as 
to make it easier to establish and muinlain the selected drainageways. 
For example, jiaslure and meadow ureas can often be arranged to in- 
clude the main drainagoAvays. If this is done, it is easy to utilize tlie 
grass on the drainagewaj's and to maintain them. The vegetation in 
the pasture or meadow can he extended across the drninageways, and 
the subsequent grazing and tuowing will usumIIv take caix? of the ])riii- 
cipal part of the iiminteusuco. 

UNTERRACED AREAS 

On unterraced areas used for the producfion of farm crops it is 
usually bes( to use wide gras.Ked drainageways for carrying the run- 
off over slopes that are steej) enough to produce erosive velocities. 
Plans should provide for continuous protection of tlie main di^nes- 
sious fi;om field to field and from funn to farm until a stabilized \^ater' 
course is miclied. If coutiuuous ])rotectioii is not jirovided, overfalls 
usually develop and luidermine parts of draiuageways thai may other- 
wise be adetpiately protected. Sloi)iiig lateral ciei)ressions that cany a 
considerable amount of run-off must also be protected. Wliere a large 
enough area of land cannot be retained economically for a grassed 
drainageway, >Yliere an adequate plant cover cannot be established, or 
where large amounts of run-off must be carried, it nuiy be necessary 
to use i)artia] or even complete structural protection in drainagtnvays. 
However, this typo of protection is usually' not necessary and, except 
for s]K'cial conditions, cannot be economically justified". On hiphiy 
develojied orchard lands oi- other high-income crop areas structurnl 
protection may be ju'^tirn'(l. 

The difficulty of establishing a<lpquate grass covers and the cost of 
the land that must be retained for run-off disposHi discourage the 
extensive use of vegetated draiuageways. 

It is sometimes more difficult to provide practical jprotection for 
draiuageways on cultivated areas where no run-off-diversion meas- 
ures are used tliiiu on terraced ai-eas. In areas that have rolling relief 
the iii)i)er reaches of watersheds branch out into mimerous natural 
depressions, each of vvhicli carries run-off to the main dniinagewaj. 
Wliore tJiese depressions are comparatively close together and are 
adequately protected tliey may foim numerous grassed strips that 
dissect a field to such an extent as to prevent economical tillage opera- 
tions (fig. 9). This condition will favor retirement of the entire 
field to a permanent cover or the use of applicable run-off-divevsinii 
measures that eliminate some of the vegetated draiuageways and 
thus facilitate economical tillage practices. A field divided in this 
way is particularly troublesome where, largo tillage muchinery is 
used. On land that is to be retired to a permanont ])laut cover the 
planning of a s»tisfactory ruu-off-disjjosa 1 system is comiwratlvely 
siraple, because e»ch u»tui-aJ depi-essioti c»n serre ts a natura-I drain- 
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ageway after the cover is established. Establishing a satisfactory 
cover will usually prove to be a more difficult problem. 




FioiTBE 9.- -In ailtivatcd flolcls tliut have roIliiiK relief sndi ns this it is somi'times 
(llf)ic\ilt to i)r()vi(.l(> ailt'i|UJit(> iirut-'cilun in all natural dcpressioiis without 
seriously iutorfyring with t>c<moini(.'iil tilluKO oiwrations. IVrrachig or rutlre- 
ineut of the entire aren to pormanent corvr may be advisable. 

TERRACED AREAS 

The problem of locatin;^ and establishini; outlets is inseparably 
associated with planning the terrace system. ' The cost of terrace con- 
struction and the success of tlic terraces are dependent upon the 
proper planning of outlets. Adjustments in the location and in the 
direction of the floAv of terraces will often greatly simplify outlet 
control, A slight variation of the location of the first terrace or 
a change in tlio vertical interval on subsequent terraces may make it 
possible to discharge the run-off from the terrace at a point where 
"iitlet protection is comparatively simple. Changing the direction 
of the terrace grade near the center of a terrace or running the 
grade of alternate terraces in opposite directions will diminish the 
concentration of run-off and oftnn make it possible to distribute the 
mn-ofT frotn a terraced field over native cover on adjoining areas. 
Where special outlet strips or channels are required, it is often more 
satisfactory to drain terraces toward the outlet channels from both 
sides so that each outlet chanii'^l will serve a larger area. Such an 
arrangement reduces the number of cluinnels needed. As a general 
rule all collective terrace outlets should be as straight as it is practical 
to make them, and they should be planned so as to provide continu- 
ous protection from the uppennost terrace on the slo])e down to 
stabilized watercourses. If nni-off is discharged from areas higher 
on the slope than the terraces it is usually necessary to develop the 
terrace-outlo*. system so as to cany tJiis additional run-off. 
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Terrace outlets should be located where thej' can be constructed 
and uiiiintained most econoniicalh' and where Ihey will function 
satisfactorily. Preference should be given to the natural depressions 
or more gentle slopes and to field or proiTcrty lines, where the outlet 
ehaunels will give miuiinuni interference w;hh tillage practices, 
Other topogru])liic features that must be considered in determiniii!! 
the location of outlets are the size of fields, as it affects the draina|R 
area at the outlets, aud the grade and stability of natural drainage- 
ways below the outlets. Unprotected road ditches and large or 
crooked gullies should seldom be used to dispose of terrace run-cf 
because it is diflicult and expensive to protect and maintain tlietn 
Itun-off should usually be diverted from such locations. Ilowerer, 
l)roperly constructed and protected highway ditches can often be used 
to advantage for the disposal of run-oil' from terraces. It has some- 
times been found desirable for the landowner and highway officials 
to make a definite agreement to develop a joint outlet channel tk 
will serve the dual i)urpose of draining the farm terraces aud tin 
adjoining highway (fig. 10). It intiy 0"en bo advantagoouR for tm 




FiGUKK .10. — A cooperalivoly constructed inul nuiiiitaiuert terrnce-imtlot clmn- 
and tiiKlnray-dniiiinge ditcli. If ,i siitisfnctor.v nKrei'incnt can l)e uiran?- 
lwtw(<«»ii tJiK limdowiiiT niid IiIkIiwh.v olIic-ialK the same ditch may be uscdi 
curry tlic ruu-olT from both the hiRhway and the iidjiiceiu fnriu Unid. 



or more landowners having terraced fields in the same drainage ui 
to plan a joint outlet system, jnovided they can make a satisfucto; 
agreement for joint construction and maintenance of the terraces af 
outlets. The inii)ortance of satisfactory preliminary plans for bot 
terraces and outlets lies in the fact that terraces, when once co 
structed, aie permanent unless they are iinprojwrly maintainf' 
Their relocation is costly and diflicult. Furthermore, impropcrf 
located and impi'o])eily ])rotectcd outlets may cause the cost of oiitlt 
construction to exceed the construction costs of the terraces them 
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selves, and this makes the final cost so great that it discourages ter- 
racing where it is needed for adequate soil conservation. 

It must be recognized that the problem of terrace-outlet protection 
is neither equal in importance nor uniform in character in the vari- 
ous climatic, geographic, soil, and type-of-farming regions. Some' 
varieties of grasses and methods of establishment are well adapted 
to certain localities but are impractical in others. The local rainfall 
intensities, the distribution of the rainfall, and the season of the year 
at which terrace-outlet construction is undertaken Avill ha\-e a marked 
influence in determining tlie most satisfactoiy procedure. Where 
amounts of run-off are large, or where high land values prevail, cer- 
tain more expensive types of outlets may bo justified. Because of 
the diversity of conditions it is obviously impossible to select a 
standard method of outlet control and attempt to apply it universally. 
A satisfactory procedure is to determine in what order the various 
types of outlets should be considered and what form of each type is 
best adapted locally and can be economically established or con- 
structed. 

From the standpoints of economy and practicability, including 
ease of establishment on the average farm, the various types of ter- 
race outlets should be considered in the following order: (1) Grassed 
or wooded individual outlets; (2) meadow or pasture outlet strips; 
(3) grassed channels; (4) mcchuiiically protected channels. 

In field practice natural conditions often prohibit the use of certain 
of these tyi)es, but they should usually be given consideration in the 
order named and no method discarded as impractical until thorough 
investigation has proved it to be so. 

The simplest and most cconouiiciil type of outlet is usually secured 
if terraces can be discharged directly onto well-established sod or other 
plant cover that will provide sufllcieiit ijrotection for the additional 
run-off from the terraces. Good pasture or meadow sods usually give 
the safest protection. An unburned and ungrazed woodland on rela- 
tivelj; flat slopes may somotimos bo sutisfactorily used if necessary. 
Considerable precftttt-ion must be taken in the selection of the wooded 
'^lope and in the manner in which the concentrated run-off is dis- 
charged into the woods. Usually steep wooded slopes should not be 
used. Poorly sodded areas, grazed woods, or fields retired from culti- 
vation to pasture or meadow can often be utilized for individual out- 
lets, provided the necessary measures are applied to rejuvenate or re- 
establish a good plant cover before it must carry the additional rnn-ofF 
from terraces. Individual outlets (fig. 11) will usually l» most ap- 
plicable in areas of rolling relief whore cultivated fields are small to 
inediuin in size and where a considerable in'ojrortion of the farm laud 
IS retained for pasture and meadow. 

, If a collective-type outlet is necessary, turning natural depressions 
into meadow- or pasture-strip outlets and drainageways not only pro- 
vides a practical method of disposing of the rnn-oll" but also makes 
effective use of areas that otherwise would often be uninoductive. The 
meadow or pasture strip is a simple type of outlet that fits in with 
practices on farms where there is need for pasture or hay ; and many 
such outlets now in use have proved to be the most profitable areas on 

131351°— .19 3 
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tlic farm. The eoiivcniciico of usin^^ (li!iiir,i<r(nvays for liay production 
however, slioiikl not be used ms n justification for not inchulinj,' Ihij' 
ciops in the rotations on adjacent (iekls when tlieir use is necefssary 
to provide effective conservation. Natursd intMulow and i)astuie strips 
ah'eady exist in some areas, and in others where thei-e is u suitable 
depression tliis ty])e of outlet can often be develoi)ed satisfactorily at a 
relatively low cost. 

AVhei-e the slope does not exceed T) to (i peicent, a wide, shailo\Y 
dc})it;ssion is preferable, itnd tlw toi-rracod fiehls shonld be located si 




KidUBK 11.— Uini-i)ir is luTf cliselmrKliiK from iiii iiullviilual tenatc owr a 
Wd-ll-wMlclwt sildjip. Tlie outlpt end siKiuld ln' loi-ntc(l iiiid sIi.'IikhI ,su ns tu 
Kprwid tlie (liiscliurgc in a^s tlilii ii slioet «k iKussiUle over tlie sloiie. 



that the terraces can l>e discliarju-ed directly into the grassed strip. 
The ])resence of a few small giiliics in the depi-cssion does not neces 
sarily prohibit its devoloi>nient into a satisfactory strip ontlet bccaiis' 
usually the small gidlios can be ^p-adod or plowed' in and the nm-ssary 
vegetation establislK»d. 

In localities where <rood turf can be established but conditions p- 
hibit the convei-sion of snfliciently large areas to meadow, pasture, or 
wide grassed drainageways, a inore restricted tyi)c of channel can 
he used. These outlet cliainiels, dosigned to carry the discharge from 
the terraces at » higher velocity, do not require for a given amount 
of run-off a cross-sectional area as groat as that in the meadow or 
pastm-c strip. Their snooi>9s is Jlo])endcnt upon the establishment oi 
a turf that will witlistwnd ooiUpnratively high run-off velocities 
without haj'mful scouring. Their cross sections must be i)roi)or- 
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tioned to provide ample capacity, facilitate proper maintenance, aaul 
restrict the nuiximum channel velocity to that which the turf will 
carry safely. Usually the maximum velocity in channel-type out- 
lets is from three to four times greater than in wide strip-type drain- 
ageways, and the width of the area required ean frequently be 
reduced to as much as one-tenth that commonly used for the wider 
drainageways. 

If all types of outlets protected by vegetation are found to bo in- 
adequate or impractical, mechanical outlets are usually considered. 
Their use will ordinarily be restricted to areas where climatic and 
soil conditions or high land values prevent the derolopm«vnt of 
economical vegetated outlets or where the volume of nni-off is so 
large that vegetated outlets are inadequate. The use of mechanically 
protected ouflets is further limited by economic considerations. 

Will the income from the land justify the expense of installation? 
Arc other types imprartic able ? Bcfcirc the use of mechanically i)ro- 
tected outlets is decided upon, these (nucstions should be answered. 

Mechanical i>rotection in outlets will be used most extensively as 
a supplement to vegetation. Some form of structure is often re- 
quired at strategic points in grassed outlets, particularly toward the 
lower ends, where the larger volume of run-off or an abrupt over- 
fall may render protection by vef»etation inadequate. In some areas 
there has been a tendency in the past to underestimate the value of 
good sod covers, and many overfall structures have been used at 
points in outlets where a properly designed and constructed sod 
flume would have served the purpose just as well. 

If vegetation and mechanical protectiou are used in the same chan- 
nel the vegetation is usually in the upper reaches of tlie channel and 
the mechanical protection in the lower portion. It is usually not 
considered a good plan to use vegetation between or below structures 
for the purpose of allowing a steeper channel gi-ade. Should the 
vegetal cover fail, the more expensive structure would also be exposed 
to failure. If it is necessary to use mechanieal protection, only per- 
manent structures of tlie best design should be used. Inexpensive 
spreaders and other twnpoi-ary sfa-uctures have not generally proved 
to be of any mfttorial benefit in facilitating the establishment of 
vc^etniion in outlet channels and have frequently been a detriment. 

HYDRAULICS 

In the design and construction of all channels for the conveyance 
ot run-oir, certain fundamental hydraulic principles must be observed 
m order to assure satisfactory results. The size of drainage areas 
and the rates of run-off to be expected should be determined. Dimen- 
sions and velocities of drainageways also have to be computed, 
Uramageways must be made lar^^e eiioiiijh to carry the run-off during 
lieavy storms without overtopping, and they must be constructed so 
as to avoid undesirable channel velocities. " Suflieieat field observa- 
tions and measurements have been made to enable engineers to com- 
pute the size and proportions of drainageways with reasonable 
accuracy, and they have made up tables that materially simplify these 
computations. These tables are sufficiently accurate for all prac- 
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tical purposes. If greater accuracy is desired, computations for any 
particular job can be made by the use of certain engineering formu- 
las and mathematical analysis. For large projects or unusual con- 
ditions individual computations are generally desirable, and a 
competent engineer should ordinarily be consulted. 

RUN-OFF 

In the computation of required drainageway or channel cinacities 
the maxinmin rate at which run-off will be discharged from the con- 
tributing ^vatershed is more significant than the total amount dis- 
charged or the average rate at which it is discharged. Drainageways 
must have sufficient capacity to convey run-off at the maximum lates 
that are commonly produced; otherwise excessive overtopping and 
damage is to be expected during i^eriods of heavy rainfall. The 
maximum run-off rates for which drainageways are designed usually 
occur when rains of high intensities fall on saturated or frozen soil 
and during periods when the fields may be without crops. The maxi- 
mum run-off rates for which drainageway channels and structures 
should ordinarily be designed are given in table 2 for different kinds 
and sizes of watei-sheds in various sections of the United States. 
If additional information on rainfall is desired, it can be found in 
United States Department of Agriculture Miscellaneous Publication 
204, Rainfall Intensity-Frequency Data, which gives maxiumm rates 
of rainfall that are likely to ofour in different localities during 
periods of 2, 5, 10, 25, andlon years. 

CHANNEL CAPACITIES AND VELOCITIES 

Securing adequate capacity and avoiding detrimental scouring and 
silting velocities are the main hydraulic requirements in the design of 
drainageways and outlet channels. Controlling velocity is largely a 
matter of regulating the proportions of channels. Safe maximum 
channel velocities are dependent upon the erosion-resistant properties 
of the material used to line the cliannel. Conci-ete or metal linings 
will withstand much higher velocities; than sod covers. Since different 
types of sod covers vary in their ability to resist run-off velocities, the 
highest velocity for which a drainageway can be designed will (lei)end 
on the cover to be used. Unlined e«i1:h channels offer the least resist- 
ance to erosion and can be used only for comparatively low velocities. 
The velocity in a run-off-disposal channel increases not only as the 
slope of the channel increascSj but as the average water depth (ap- 
proximately the hvdraulic radms) increases and as the surface resist- 
ance (coefficient ox roughness) decreases. Once the outlet location and 
type of protection have been selected, it is difficult to change the 
channel slope or resistance fnctor, so control of velocity is largely ob- 
tained by regulating the average water depth. In wide, shallow chan- 
nels the velocities are lower than in narrow, deep channels. 

Field observations indicate that well-established Bermuda sod out- 
lets can safely withstand voloritio'- nf 7 to 8 feet per second for periods 
of intense run-oft' ordinarily experienced under normal rainfall con- 
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' Rollint'" and "hiliy" corrcsixind to sloiics of 5 to 10 percent and 10 to 30 iiercent., respectively. 

' Group 1 includes the entire States of Florida and Louisiana, the soutliern part of Oeoreia and .41ahama. 
Wie southern half of Mississippi, and the southeastern i>art of Texas. Oroup 2 insiudts central Texas, all of 
UKlahoma except the Panhandle section, the eastern half of Kansas, southeastern Nebraska, the southern 
halt of Iowa, western Illinois, all but the southeastern tip of Missouri, Arkansas except for the northeastern 
corner. South Carolina, those parts of MLssissippi, Alaliama, and Georgia not covered In groui) 1 (except 
ror extreme northwn parts of these States), the eastern and central part of North Carolina and V Irginla, 
Delaware, the eastern half of Maryland, New Jersey, and the southern extremw of Connecticut and Rhode 
Island . Oroup 3 may be used for all other areas, except where local information indicates higher run-ofl rates. 
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ditions. This velocity has occasionally heeii exceeded for short periorls 
without harmful results. It is believed that good bluegrass sod \v 1 
withstand similar velocities, but bhiegrnss is usually more difficult fn 
establish and maintain than Bermuda sod. Consequently the mixi 
mum velocities for which draiiiageways protected by bluegi-ass IiVvp 
been designed have usually been only 5 to 6 feet per second. A lower 
maxununi channel velocity is frequently necessary where the climatp 
or soil conditions or seeded meadow gi-asses produce less resistant 
covers. For example, i-ecent experiinontal tests indicate that velocities 
ot 3 to 4 feet per second siiould not lx> exceeded in channels protectpd 
by lespedeza. Low channel velocities (less than 2 to 3 feet per second^ 
mav cau.se undue silting in vegetated outlets, which will iiltimatelv 
lead to madequate channel capacitv and overto])ping. It is not always 
l)ossible to ehmiimte velocities that leave silt in drainao-oways but 
excessive silting can l)e minimized to a large extent if adequate' con 
servation practices are usod on the foutributing watershed Avoiding 
excoesive terrace grades and spacing and proiMjrly maintaining outlet 
channels are particularly eflectivc. I f necessary, o'ba nnol cross si>ctions 
can often be adjusted, even on comparatively flat slopes, to avoid low 
or silt-depositmg velocities. Using V-shai)«| channels with little or 
no bottom width will aid in maintaining desired velocities on flat 
slojxjs. An attempt should be made to secure as uniform a velocity 
as IS i)riictical throughout the entire length of an outlet. 

The rate at which a channel will convey nin-off is determined by 
multiplying the channel velocity by the water cross-sectional area. 
1 lus cross-sectional area can l)c determined bv multiplying the aver- 
age water depth by the width. For example, a chiuinel with an 
average water depth of 1 foot, a width of 8 feet, and a velocity of 5 
feet per second will carry 1X8X5, or 40, cubic feet per second. Be- 
cause of tlie uncertainty concerning the amount and rate of run-off 
mul the difhcnlty of uiaintaining exact dimensions under field condi- 
tions It is standard practice in detemiiniiig the size of the olianiiel 
to be constructed to provide a safety factor by making the chiumel 
siinrhtiy larger than the computed requirements. 

It is much simpler to secure the required discharge velocities and 
capacities for pasture- and nieudow-strip drainageways than for 
channel-type outlets. The minimum practical width of a grassed 
drainagoway that can be iise<l for hay or pasture {seldom less than 
<o feet) usually provides ample capacity to carry the run-off from 
the contributing watershed and to take care of some silting, if silting 
cannot bo entirely prevented. These strip-type drainageways on 
large watersheds should ordinarily have at least 1 to 2 feet of width 
for each acre of drainage area. Oreater widths may be necessary if 
tlie curvature across the drainageway is unusually flat. If it is de- 
sirable to use grassed outlets of the channel type, the construction 
dimensions are usually determined by the velocity and capacity re- 
quirements. The channel dimensions (depth and bottom width) for 
assumed channel velocities and side slopes and various slopes and 
quantities of run-off are given in table 3. If other side slopes are 
used or if it is necessary to u.se lower velocities, it will be necessary 
to make separate computetions. For smtd\ drainage aroiis V-shaped 
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rp^gy, g _^pproJim»/c dimmiitionx of onlM ehanmls with (jrasH covers aiimhle 
of re^isthw mththnmn nvi'rngit r^tnin«l vclucititu of S, t!, or 7 ftn't neifotul, 
with 4: 1 xiile nloptJi wUh ffO»d vh»»»»t coiuUlkinx 
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ditches arc soino^tiiiics pivferred. For flat-Iwittom cliiuuiols, widths 
creator than 20 foot arc seldom used. If ii lunger vross sfctioii is nec- 
essary to care for tlie ruii-otr, two or more parallel eluinnels are usu- 
ally preferred to one wide cliaiiiiel. 

A much wider ran^c of velocity or other controllin<x channel condi- 
tions that nmy govern construction dimensions can he covered in b 
chart than in ii table. Furthermore, many outlet channels will he 
constructed by contractoi-s. surveyor.-, en<riiu'ei"s, or even farmers who 
mav prefer to use n chart rather than a table for determinin<r the 
dimensions required. For this reason, limirc 12 has been prepared. 
The chart can be used easily w1wm> imc und«rstnnds what thu difforent 
lines and scales represent. 

The chart is divided at the center into two distinct parts. On tiie 
rifrht-hand side of the chart, the diafronnl lines represent channel 
slopes and the vertical lines represent desi<,Mi velocities. The hottoui 
scale on the verticiil lines <xives veiociiie-; for well-uniintained, jdiable- 
{irass channels, sueh as Beriuuila or i)hiof;rass. The velocities nro 
higher than those jriven nt corres|)on(lin/,' points on the top scale. 
The top scale is for poorly maintained ehannels or for conrse covers, 
such as le.«pedeza, wliich have a hifih friction*! resistance to (lowing 
water. On the left-hand side of the chart, the verticnl lines represent 
channel-bottom widths, the dotted cinve«l lines represent channel 
depths, and the solid eiirved linoit ropreswnt clmnnd eross-scctional 
areas. _ 

To illustrate the use of the chart, sup|)ose n terrace-outlet channel 
is to be constructed down a 7-percent sioj)© and troated with blucgrass 
that is to be \t-ell maintained and canahle of withstanding: h maxinnim 
velocity of ."iV/, feet |)er second. The estimated mn.ximum run-off to 
be provided for i.s 55 cubic feot per second. With this dischnrfre and 
maximum veloeitY, th& chanml must liars a cro^-»ec-tional aroA of 
55 

^or 10 square foet. To find tlie roquircd channel depth nnd width, 

enter the ripht-hnnd side of the ohart and locate the vertical line 
representinp a channel velocity of S'l- feet per seeond for ^ood 
channel conditions. Follow this line upward to the point of inter- 
section with the dia<:onal Hue re[)resentin<; n slope of 7 pereent. 
From Uiis intersection pa^^ horizontally to the left-nand side of the 
chart until the solid curved line reproa?nting n cross-sectional area of 
10 square feet is intersected. Fnmi this point trace a line i)arallel to 
the vortical lines until it intersects the width scale and another 
parallel to the nearest dotted curved line until it inter.-ects the dei)th 
scale. The reading on the width scale is about 20 1 ^; feet, and the 
corrospondinfr readinfr on the depth scale is about G inches. In field 
practice an additional G inches of depth is provided for safety, so 
the const met ed depth of the ehannel is 12 inches. 

WEIR-KOTCH CAPACITIES 

Stractures that may be n>ed in connection with the establishment 
of proper outlets or disposal systems will <:enei'ally he of the weir- 
notch tyix>. The notch, or ope'ning. lliron<rh wliirli" the ruu-ofT flows 
as it passes over the structure, must have adequate capacity to jircvcnt 
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overtopphig and its resulting damage. A common cause of .i, 
lailure of check dams is insuflicient notch caF)acitv T-ihCd • ''^ 
for various rates of riM-off, tlve size of tlie weir notd.es'thJt 4n'f' 
rcquu-ed for tlie typo of check dams ordinarily used in oi K ^1^' 
ion. It IS usually desirable to select a notch width that 2 Iv 
times as wide as the deptii of the notch in onler to aro 1 n uh T'' 
centration of the run-olF as it passes over the stru?ti?re It VT 
standard practice to construct the notch slightly larger than iloL! 
for computed run-o»T re(iuirements to prorid. » facfor of sVS? • 
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2.0... . 

2.5... 

3.O.... 

3..V. . 

4.O.... 

4.S.... 

s.e.,.. 



'.left 



Cubic 
M 
2.3 
6.4 
U.8 
IX. 1 
25.3 
33.3 
41.9 
51.2 
61. 1 
71. « 



4 fpi't 



0<6ic 
f"t 
4.5 
12. S 

23.5 
30.2 
Jf).fi 
60. 5 
S3. S 
102. 4 
122.2 
143. 1 
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In f.«t, and //-homl of water on ore,t o no ch in fe*t riliSh.rSii i„ ' '*'V°5''- ■'^-''■"Pth of nolch 

may be Incr.'ascd rroportlonately If the same hea^Tu m^in?.!^?^'*'?.'" ' ?' ^^'^ 'howii, the lenfth 
of > notch 28 feet ling and 2.5 eepV^W hrtwleJ^ K - .hT?' f"""!.''!- 'he dIsoharRC cnpacit? 
deep, or 354.2 cubic fwt per second (2X177 1) ** °' » "o'^h 'eet long and 2.5 feet 

CONSTRUCTION OF VEGETATED DRAINAGEWAYS AND OUTLETS 

Before complete plans can be made for establishinL' satisfactorv 
dramageways or outlets on a farm the pr.Rrclure to e „tec irprS 

as the method of estabhshmeiit and the type of vegetation To de- 
l^neAod ?rwh?\' """7';-°' J>7vidin/tun-oiF prolectl^n during 

The H, d nr t i y^«^f;.'tion is lK>n,g cstablishe,! is often difficult. 

nrofer in n^y, combmation of gnissos that will produce necessaiy 

rXfo 1 ^^'"P-'-^V^'^'j' P'''''*'' 'I fe'iven locality shoulS 

TT, nil .T"""""'"''"^' ^''"^^ P"">^« 'i'-^ ^^iveii in this sec- 
id will hi ?h <^of faction procodure and types of yogotation 

used will be those most applicable to the Iwality. 

GRADING DRAINAGEWAYS 

mi^.lmlin/o"""*'?" '^"P draiiiageways, only a 

Knupntuf °^ excayation or fill work should be undertaken. 

L S ^f /if- ^VP'T^Ti '^'^'i^"^^' ^''^POSi.l will require 

or sTir iL „ o f-'""'^^ In.mmocks, ridges, sprouts, 

or shrubs are nresoiit the gullies shouhl bo plowed or -raded in, the 
hummocks and ridges leveled off, and the sprints and shrubs remoVecl. 



Trees or shrubs in water ciuinnels of nny type arc usually undesir- 
able because of their tendency to obstruct, divert, or concentrate the 
flow and cause meandering cniTcnts. Only such use of the scraper 
ordra" as may Iw nocossary to develop tlie depression into its natural 
cross Action or provide a satisfHCtory scodlied can Ije justified. Ex- 
lensire movinjr of earth or disturbance of soil not only increases the 
cost of preparation but also usually iii»k«s the ofitnblJslunent of th« 
necessary ve<:etation more diflicidf. 

If the run-olT is to be restricted to narrow uIkuuk-Is, some excavat- 
iii<T and movin<: of earth is usually required to provide the desired 
capacity and cross sections. This work can jreuerally be done most 
effectively witli « grader, terracing nuichinc, or scraper. The chan- 
nels should be sha])ed u]) to provide the required fross-scctional area 
(tables), and flat side sloju's (usiuilly 4: 1 or flatter^ should be pro- 
vided so that mowing and the maintouance of channels will be 
facilitated. Sometimes it may bo necessary to level oil small washes 
orridjres in forming the channel. In areas where topsoil is shallow, 
subsoil unproductive, and grass covers diflicult to establish, it has 
been found deeirnble to do only the minimum ivmount of excavating 
within the channel and to builil the sides or channel berms as far as 
possible by gi'ading the earth uj) from the outside of the channel, 
This practice greatly reduces the amount of (onsoil removed from 
the channel and the subsequent work and fertilization required to 
produce a satisfactory plant cover. If channels are excavated into 
infertile sid)9oils it^ is fr(M|uontlT imi)096iblo to establish tlu? d*sir»d 
cover. 

The coHStruction of channel berms nmiuly from the outside may 
become objectional)le if proper end draimige of furrows produced by 
certain contour row cro^)s is important. It is often desirable to pro- 
vide furrow drainage lor row crops if beddin<x is practiced, as in 
potato and cotton culture, or if contour listing is used and furrows 
of considerable size are produced. Where cultivating produces fur- 
rows that have only a small cross-sectional area and where the relief 
is uneven, row drainage is not so importnnt because the furrows 
invariably overtop during most rains before tlie water reaches the 
end of the rows. The problem is sometimes solved by the nse of a 
vegetated strip along the outside of the outlet channel to facilitate 
necessary row drainage and i)rovide a turning strip. In other cases, 
it will be necessary to adjust the amount of channel excavation ac- 
corchng to the size of channel required, the depth of soil, the ease 
of establishing cover, and the nooessity for mvr drainage into the 
outlet channel. 

The berms along outlet channels should have flat enough side slopes 
to facilitate mownig, nud surplus earth excavated from the channel 
should be spread out, so that it will not fonn a field barrier. Some- 
times it can be conveniently used for making nearby terrace fills. 
If overfalls in the drainageway or outlet channel are to be protected 
by means of structures or sod flumes they should be excavated and 
shaped up to the reqiiired structural dimensions. Consulcrable ex- 
pense and time can often be saved by doing as much of this excavat- 
ing as po^ibk with a teum and scraper. 
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ALINEMENT OF TERRACES AND OUTLETS 

If iiulividiuil outlets are used, the eiuls of tlic terraces shoukl I 
shaped and arran^'cd so as to give the ininiuuiin conoentrntion nf 
run-off on tlie outlet slopes. Tlie outh-t e.ul of the terrace channj 
shoukl 1)0 wide luul flat, =o tliat it will discharge the run-off 
wide, shallow sheet. The ve<,'etatiou should he extended into th 
terrace channel so that this wide cross section can be inaintuincd •iifl 
the development of excess channel jjrades near the outlet eiul mo 
vented. If the natural slope of the nreii onto which the run-off q 
to be discharged is uniform and parallel to the direction of fl,™ 
in the terraces, the terraces need extend oidy fur enou'di into tlip 
outlet area to assure the dischaii^e of tlie run-off onto the veiretated 
slope. If the natural slope of the urea onto which the run-off is to 
be discharged is at right angles to the teriuco flow, it is usualh 
advisable to extend tlio upper terrace « considerable tlistaiico into 
the grasfied slope and systematically reduce tlie extension of eich 
subsequent terrnco down the slope, so that coiuoiif ration of the clis- 
charge from adjacent terraces can be iiiininiized. If the slope of the 
grussed outlet area is intermediate, that i^ neither i)arallel to the 
direction of flow in the terrace nor at right angles to it, it may be 
necessary to make an irregular extension of the terraces to prevent «o 
fur as i^ossible excessive concentration of rmi-ofF. 

Where nuy type of a collective outlet is used, and particularly 
where the outlet channel is located in a natural depression, it is often 
advantageous to tnrn the ends of tlie terrace down gnide for a short 
section back from the outlet. By turning the last flO to 100 feet of 
a terrace soiuewluit downhill and providing a corivstiondiiig reduc- 
tion in the depth of channel cut on the umm' side, it is possible to 
bring the bottom of the terrace channel into the outlet channel at 
or close to ground level witliout changing the nonnal terrace grade. 
In order to do this the last section of the terrace is sometimes con- 
structed with a scni})er or fresno, so tlnit more and more of the dirt 
can he moved from thf lower side us the terrace approaches the out- 
let channel. If it is considered iidvisable to build the ternicc through 
to the outlet with ii grudcr in the usuvil manner, the excess terrace 
grade can be elunmated by placing a small sodded earth fill to the 
required height across the end of the terrace channel, provided a 
corresnonding increase is made in the height to imiiiitain the neces- 
sary cluiniiel capacity. Tlie excess excavation in the terrace chuimel 
will soon become filled with silt. Turning the eiuU of terraces down- 
hill makes it easier to get the required channel depth Mow the out- 
let elevation of the terrace channel without excessive excavation in 
the outlet channel. This practice also allows the ternues to have a 
iiuich sftiaighter approach if the outlet channel is located in a natural 
dcpressjoii. Necessary precautions should be taken to prevent excess 
grades m the terrace chuiuiel and inaintain adequate capacity. 

In order to provide a factor of safety against overtopping, silt 
accumulation, and iiisiiflicient drainage in the terrace channel, grassed 
outlet channels should Ix; iit lo«st 6 inches deeper than the minimum 
depth required for the discharge canaeities. The Ijottoin of the out- 
iet cliannRi slioufd be several inches below the elevation of the terrace 
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channel at the outlet oini, and tliis orerfnll should he sloped (iit 
Iwist 4:1) aod well sodded to present it from iidvanciiif; un tlio 
terrace channel (fifT- I'M- If procctlure nseil to estiiblisii the 
sod cover tends to redneo tlio ehiiniiel depth, iis soihlinfi wonhl, for 
example, the iuitihd eliuniud depUi Sihouhl Im luvimmil suflkiuntly to 
compensate for this nHliictitHi. 




Figure i:t.--A smUIi-d icrnicv-onlU't cIiiuur-I. Noli- how ilie lerriu-e eliniinel 
is sImiM'd ami proleoliHl nl llu- dlsiIuirKi- cud. Tlio lirimd, Hal. middod sw- 
tloii spreiids llie niiwirt hm 11 eiitiTx Um> uiitlcl ciiHiiiiul an<l iwuveuls <iver£i»U» 
from adviinclug up tliu terrnee rhiuuifl. 



If vojjeliition in the outlet is c-ritubli.^hed before the terrnces nro 
constructed, it is jrenerully Hdvisnblu to terminate terrace const ruc- 
tion with tlie regular ternuT ef|uipiiieiit far enough hack front the 
outlet so that there n-ill niu|)le nKMii for turning without dwuH^^ing 
the ve^a-tatiou in the outlet. Eucli of the terraces can l)c connected 
with the outlet chunncl hy coii^^t ructing this last section with a 
frcsuo or semper. With fresno constructiun, the team and scraper 
are worked hack and forth over the terrace without injury to the 
vegetation in the outlet. If a grassed outlet is u^ed as a turning 
area for heavy eon.struction equipment tlic vegi-tatiou may be dam- 
aged to such an extent as to render repair diflicult. Fres^no con- 
stnictiou of the terrace section near the outlet also nudces it wisier 
to produce a broad discharge channel to facilitate tiie maximum 
spread of the nm-olT as it loaves the terrace cliiinnel. Often it is also 
necessary to finish terrace construction in this way where terraces 
terminate at permnuttut fe.ucf>S or hetlifttrows. 

ESTABLlSniNC VEGKTATIOH 

In umny areas it has lK>en frmnd not only hazardous but also ex- 
pensive to' attempt to establisli vegetation in ilrainageways or outlet 
channels when they are Indug used for the disi)osal i)f run-off. Ordi- 
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luiiy soedinf; procedure, with the necessary fertilization and soodbpH 
preparation, usually providos tlio rlioaj^pst means of estal)lishin<r crr^l 
covers and wherever practical should be followed to reihice tho'^eosf 
of outlets. Xewly prepared soodl)ods, seeds, fertilizers, and voumr 
plants offer little resistance to erosion aiul are frequently washed 
out unless Sj)ecial precautions are taken or special practices adopted 
Solid or strip sod, if proj)erly anchored, will sonietmies carry run-off 
without harmful results nnniediutclv after it has been placed. Sod 
dinof is more costly tlian soedinof, liowever, and the additiniinf ex- 
pense of soddiiif,' niay retard tlic extensive use of ve^jetative protec- 
tion. It is souietiines even diflicuk to anchor ncwiv placed sod in 
certain channels in such a way that it will not bo damaged by 
heavy ruH-otf. Damage fioni i-un-otf is more ncute in the establish- 
niftnt of vegetation in outlet clmnnols than in wide f^rassed draina-^e- 
ways because of the higher vehicities in the channels. There are sev- 
eral methods that can often bo used to save exi)ense and eliminate 
these hazards in establishing vegetation in outlets. 

The first method that should be considered is ostahlishing the out- 
lets before the terraces are constructed. With proper planninjc this 
can often lx> done, narticnhirly if a complete soil conservation 'plan 
for the farm is to b(f adontecl. Complete land nso and nm-off-dis- 
posal plans should be develoi)ed at the outset, so that the first outlets 
or dramageways will bo a part of the final plans for the area. When 
the vegetation is well enough established to withstand additional nin- 
ofT the terrvices can Im? constructed and connected with the outlet. On 
some farms several typos of outlets will bo used, and financial eircum- 
stjuices often will not permit immediate const nid ion of all the neces- 
sary terraces and outlets. Uiidcr these coiulitions, areas for which 
natural outlets arc available or for which the outlet channels require 
solid sodding or mechanical protection can be terraced the fii-st year, 
while the vegetation is becoming established in other outlets. 

Another jiractice that has facilitated the use of the simi)ler and 
clieai>er methods of establishing vegetation is diverting tho run-off 
through ft temporary bypass until the vegetation in the permanent 
drainagcway becomes estal^lished (fig. 14). This jjroeedure can 
often bo used on unterraced as well as terraced areas. On terraeed 
areas this usually requires breaking the terraces or extending them 
across the permanent outlet cliaunol to a temporary ditch that will 
carry tho riin-ofT without excessive damage until the necessary vegeta- 
tion is ftstablished. Tojjographical fwitnros, tlie extra work mvolved, 
»nd the extent of the damage that may occur in the temi)orary ehan- 
nol will largely detenniue the piactirnbility of this practice. 

Suhsoiling or other run-ofT-retentiou measures may often be used 
alone or in combination with other practices to facilitate satisfactory 
establishment of vegetation in diainageways or outlets. Such nui- 
olT-retontion methods as contour ridging, furrowing, listing, and sub- 
soiling on the contributing watei-sheds are practical in .some places 
and may sufKciently reduce the run-off on certain soil types to make 
it possible to establish the nocessary vegetation in tlrainageways. 
On some of the demonstration profecfs of tlie Soil Conservation 
Service it was found tliat subsnihng terrace rluiniKds and outlets to 
a depth of about IS inches reduced the run-off siifliciently during the 



follosvin<: year to permit the establishment of necessary phmt covers 
in tlie outlets. 




FiGUKE 14.—' riiiM !it'ofl{Hl arahmf;»wny is proUHU-tl frmn ruii-j>fr by teinpiiiiiry 
ditelis* RloiiK tlu> sUli!* f* Hu» «**<li-i1 nron. After IIk- v««K«'tiiti«ii luis l>f«i>iiii; 
estahllslii'd tl«e t«n|><irary niuaien will Ik- tdowwl lii. ami Uie riiii-oir will tliwii 
flow down the v«ie»tHtc<I tlralimgewny. 



Mulching of seeded chtiniiels Hiid draiiia-jewnys has made possible 
the successful establishment of sod covers by seedin<r in inany iireas 
where sce(lin<: otherwise \voiikl have Iwen a failure (fij^r. 1')). Prop- 
erly iincliorud iniilch not onlv protects the newly prepared seedbeil, 
seeds, and small plants froin run-off and hard rums but conserves 
moisture and produces a surface condition that eiiconrajres the jrer- 
mlnation and <rrowth of small grass seeds. The mnlch is produceil 
by spioa(lin<r a thin but continuous layer of straw, corn fodder, old 
hay, or brush over the entire seeded "area. Two or three tons per 
acre is usually required. The niiilcli is anchored by_ li^htweifilit 
TOveu wire or bv strands of balin<; wire on G- to 12-incli centers. 
The wire should W staked down every few feet so as to prevent tlio 
removal of tho mulch bv run-off or 'winds and to hold it m close 
contact with tho fjroiind'siirface. By the time the <rrass roots have 
become established, the mulch is iisn"ally rotted suflicieiitlv to make 
its removal uiuiecessarv, hut the wire should be removed before the 
grass is mowed or <rrazcd. I f brush is used, it can be staked down at 
intervals. 

Oil small areas or at vulnerable points in hirper areas, loosely 
woven burlap ti<:htlv drawn and staked to hold it in place has often 
provided satisfactoi-y protection (fi<r. 16). This coverin<r retains the 
moisture and prevents erosion or washin<r. It may be particularly 
effective if a turf is to be established on short, steep slopes. Old bur- 
lap ba},'s ripped apart or some of the commercial fabrics now on 
the market may be used. If an open material is used the {,'rass will 
come up throu^di the meshes; since the coverin<,' will soon decay, it 
need not be removed. 




Kit'KK 10.— The liiirlai) socks will kUo protuvUou in this iwwly |iri'pnr*»<l and 
Bectlitl ontlot chiHintl until the vegrtntioii Ixjconms weJI ououkIi eStablislied 
to carry tlie run-off sitfoly. 



Wlierever suitable grnss variotitjs csn be rendily ostiiblislied from 
.Ped the cheapest soil covers can usually be proiliicwl by socding 
Tn ^ome sections where larjre ureas iiuist Ik- vofietuted to disixjsc of 
run-off saediugis fivqiieutly the only ])rnctical method of estub ish- 
m<r the necessary protection. This is part icuhirly t rue m areas where 
Bemuda mass cannot bt» used, and eveii liormuda. which is most 
commonly established from stolons, 1ms fre(iueiitly been established 
bv seed In other areas seediufT is often u*»m1 in combination witli 
the direct transplant in{,' of sod. Success with s(«i'(hn-r is dependent 
not only on protectin}; the seed from nin-oif but al-o on the iiw of 
suitable seed mixtures, KO"d seedl>ed prei):iruti<Mi. ample fertilization, 
and proper methods of seediii},'. Since the nltimnte success not only 
of the draiiuK'eway but also of any conservation measures on the 
contributin-' watershed is deiteiideut on the establislmu-nt of a sntis- 
factory cover in tlie drainafjewny, heavy apphcntioiis of seed «nd 
fertilizer can usuallv be justified. Wliere water is available some 
artificial waterlair during: i)eriods of (h-on-rht may even i)r()diice 

profitable results. 1 ,• 1 i 

It cannot be expected that <rrasses and le^mmes can be estalilislunl 
readily by seed where the tonsoil lias been wnslied away and the 
fertility of the remHining soil is low. Subsoil as a rule does not 
respond snccessfiillv to the seedin<' of frruseies, oven with app icatioui,; 
of fertilizer and lime. The fertility must be biiilt ui) with henvy 
applications of mamu-e. fiMtili/.er, and lime and by turiuiifr under 
lefrume crops for pven manure. If ecouomicully fea.'^ihle. complete 
so'dding is the surest means of obtninin}; a satisfactory dr!imaj.'eway 
under such conditions. , u 1 

After the draina<rewnv lin.«i U'en proi»orly shaped, a firm see(ll)eil 
should be prepared by 'the cusKmiary cultnrnl oporatu.ns (figs. 1( 
and 18). If a fertilizer is iiecessarv, wcll-i-otted barnyard maniiro is 
often the most satisfactory; if a suAicient quantity is available, some- 
times as much as 15 to 20 tons per acre sliould I)C ai)i)lied. It can 
be worked into the «oil diirin<: tlie };radiiif: and seedbed preparation. 
Suneruhosphate at tlie rate of 400 ikjuikIs per acre or its ecjiiivalent 
in basic slag should be used with tho innnnre in liuniid rejjioiis. If 
manure is not avnilnblc, a complete coinniPix-ial fertilizer high in 
nitrogen, such as G-2-4 or a C 1-2-4, can be used at the rate of 400 
to COO pounds per acre. Commercial fertilizers are trem-rnllv broad- 
cast and rakecl into the soil, after which the soil is firmed with a 
packer. The seed mixture can be broadcast iinmediately. Sour soils 
should be limed in aooordanoe with local requirements. 

The species of grasses and logumos that should be seeded will vary 
in different parts of the country. Selection should be based upon 
the adaptability of the gi-a.-^ses to the locality in which they are to 
be used, their afrgressiveness. and their ability to resist erosion and 
silting. The iise^to be made of the seeded area will also gorwn to 
some extent the selection of species to l)e seeded. 

Sod-forming grasses are generally preferred to hunch grasses, 
where both are adapted, bocnuse they' make a denser tiirf and a more 
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PisuBE 17— Tills tlraliitiKevray 1ms been slmped to proiuT cross section aud 
seeded for run-off disi)oeinl. Note the sin«ll e«rth oiuhaiikinents along the 
sides, used to iwotect teuiijoriirlly the seedlxHl aud jtouuk idiuits. 




fiauRK IS. — The drainageway shown hi flj,'ure 17 after the vegetation had been 
established and the temporary enibankineiit removed. 



uniform frround cover. It is generally advisuble to seed simple 
mixtures of adapted grasses and legumes to insure complete stands 
and early stabilization of the drainage way. As the less well-adapted 
species thin out, the more aggressive ones will spread to replace them 
and thus perpetuate a complete ground cover. 

In the larger drainageways, where it may be impossible to provide 
sufficient run-off protection, sowing a quick-growing annual crop to 
stabilize the drainageway before seeding the grasses is often advis- 
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ua Small "rains, Siulan gniss. iloinestlc i^ofrniss. a.ul si.uilur 
.V e seeded in tlie spring to hold the- sofl otlectively mu(1 pio- 
rf.S Ino in ch 10 seed the firass.^ the follnuiuj: fnll. X.n>. 
^uceaie>u > e iiy , ^ ^^^^^^ , protection, 

i^^^^^ to see<l the nurse n-o,> so thielc tWt it vVdl 

Smpet Iv moisture to the elin.in.t.on of the -nisses or l>ecome so 
EfTs to smother the small jxrass and le-uine plants One or tuo 
oSs e ac e of harley, oats, or other snudl ^M.nn shonld he snfh- 
Eit WhVn the nnrse'crop iKK-onies t«ll or too y.-orous it shonhl 
be cut to reduce competition and prevent sniothcrmti: of the slower 
<Ti-owiu<' and more permanent Vfj^et at ion. , on f„ 

' G iss and lefiume mixtures for pnstn.vs are ^'enerally seeded 20_ to 
30 po I ds to the acre. Heavier seedinjr is usually >" ^ ™>>;: 

ivays, where a thick -rass cover is desn-ahle, snu-e some of the ^ee, 
i be washed away. Thirty-fn-e to forty-f.ve pon.uls per acre can 
Ksed safely in dnuna-cways and outlots that luive been pro,)erlN 
fertilized, as moisture conditions ai-o uentM-ally idtml to support a 
thick stand. If there is little plant fcMnl or uiorstnro, however, ho«vy 
application of seed may cause a complete fa dure 

Since the uwst desirable species of -rasses and mixtu.vs xvill uu} 
considerably with local soil conditions and clnnate, it is dinicul to 
mve definite i-ccommcndations Unit would apply to all oca i ies. 
Specific recommendations as to the most siiUnblp fjnisses should l.c« 
obtained from the local county agent, Sjnto expenmout station, 01 
field representative of the Soil Consei-vation Seryu-o. 

Early fall seediufi usuallv <:ives the best ivsnlts. hut some varin- 
tion in seediii}? dates is necessary. The southern or ess hardy finisseS 
renuiio early sprinij st'ediu^'. In the central ami northern (jreat 
Plains and western Corn Belt, where ^rr„sshoppers are numerous, 
late-fall seedinjre are advisnble. . . 

Seediu.' mav be accompli.shed by broadcast niir or by dnllm-r. u 
the seed is broadcast the <rronnd shmild W firmwl by u pucker, seeded, 
and then harrowed li<;litlv to cover the seed. Some plants, as Kn- 
instance Le-^pedesa serlcra, pive l)etter stands if the hnrrowini: is 
omitted. In the semiarid section^ drilling: is much pi-eferred to 
broadcasting. Because drillinfi places the seed in moist soil it frives 
more rapid and uniform germination and ^rrcater assniance of -ret- 
ting a satisfactory stand. To imlnco the risk of bavinp the seed 
washed away, contour tillajre of the seefllwd and contour d^lllln^r are 
preferred wherever prtx tical. l^illa^'e and drilling operations should 
at least be conducted in a zi<rzafr pattern that crosses the area as ottwi 
as is convenient. Even running' the drill over the <rroiind two or 
three times in this manner to plant the desired amount of seed may 
be advisable to assure more nniforin soed distribution and oliminHte 
the effect of rows as much as possible. 



KODDIKO 



mere sod is available on nearby areas and local conditions make 
the establishment of adequate cover by seeding: excessively hazardous, 
it is often necessary to resort to direct transplant inn; of sod or firass 
roots. Several methods of transplantiuf: sod have been developed 



iUt are adnutablo to local comlitioiS and various -nissos Strip 
Sinor and solid soddin<r h"ve Ikh-ii xmM\ in prHctically all arwis 
i sS- nrspot soddi';;^^ and hn>«dcnst sodding i«yo l>oen us.d 
Sth 200(1 results in many Bornu.da -rass arcas_ of iho >onthern 
I tes Strip soddinp consists of layn>- sml m strips upproxinn.toh 
0? he contom- and aT rofrular intervals down the s1o,k". ^oIhI «ocf- 
Si 'isthe transi>ln«tlufr of a coutnuions hiyor of so.l over an uira. 
Sot soddin- is the trn«s,.hu.tin}r of spnys of {rras., ro.. or ro.. - 
SL more^or less at randon,. Tlioy nr. nsually pinced at.fu.rlv 
ek e intervals. Broadcast soddin- is tlu; d.skmjr und rcmovu.fr of 
rtopsoil sod roots from a wel!-so,ld<Hl area an<l lu> sproadm- 
of tills mixture as a continuous nudch over the area to 1k> treated. 

Establishing plant cover by soddiu^r is nu)>t eounuon on areas 
where temporary nin-otr protection cannot piovu ed, ^v u-rc ini 
immediate cover is necessary, or y^U^iv rnn-off muS l)fl conhm-d to 
estricted channels. For the In-st results with nny soddu.g P«»^-^*^"|;<^,' 
fertilization, cood channel preparation, and careful hnnflling nnrt 
Dlaciuf of the sod or roots aie necessary. Keeonnnen.hit ions for 
ertilizatiou and sotldiug dates are sinuhir to those -,ven for "'IJ; 
The use of strip sodding has generally U-en n-tricted to the Ihittei 
slopes, those of 5 percent or less, hiuI to drnmage areas of »}^ont -0 
acres or less, from nliich the. voliiino of nin-ofT is not large (lig. 19). 
Even with these limitations there have lu'en smw fHUuns, and somo 
repair has been necessarv in otlier cases iM-cause of the teiulciicy fOr 
owrfalls to develop helmv sod strips. This tendency has been par- 
ticularly troublesome in sandy soils. The sod strips are usually cut 
12 inclies wide and 1 to 2 indies thick. They nrc i.laced either in n 
trench cut to the dimensions of the sod across the bottom of tlic 
outlet channel or directly on the channel bottom, iiiul the ares be- 
tween strips is filled with fertile soil and seeded. In e-ithcr case, tlio 
top of the sod strips should Ik- flush with the bottom of the com- 
pleted channel so tlie strips ^vill not create unnecessary tnrl)iilencc 
and will be less likely to wash out durin.' riin-olT periods. 1 lie si>:ic- 
inff of the sod strips has usually ranged from 3 to G feet, according 
to the slope of the channel, a 4-foot si)acing coininonly iKMiig used 
for averape conditions. Whatever spacing is used, it is believed 
that the vertical interval between strips should acldoitt axce^d tim 
thickness of the sod. The sod strips should extended up the sulwe 
of the channel to at least the niaxinunn rnn-oiT deptli anticipated. 

Field observations have shown that the cost of strip sod dm-' and 
the labor requirements have been almost as great as for solid sodding. 
Since strip sodding seldom gives as good resiilt.s as solid soUdmg. its 
use can ordinarily be justified only in arP«s whera th»rc is iimimciPiit 
sod for solid sodding. . , , • n , i 

Spot and broadcast sodding' are sodding methods n»d in tbe estab- 
Mshment of Bermuda grass fi-oin rootstalks and stolons, bpot sod- 
ding is accomplished by planting rootst(K-k sprigs in liaud-iiiade 
holes or by dropping them at desired intervals and iilowing or disk- 
ing them in. Disking is the more ccontauical if large areas are to 
be covered. The root sprigs are usually placed on 12- to 24-uicli 
centers and covered with 2 to S inches of soil, which is packo* sroiiml 
them. If broadcast sodding is practiced, tlie. »re« froin wliioli ttie 
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sod is to 1)0 taken is usually (iisked so as to cut un the Boninwln 
roots and nnx th.n. with the to,,.oil. This .uiLtlu- e Is r oJeflT 
shovels, sc.;apc.,-s, or fi-esnos and spread in a continuous In or IV 
3 inches thick over tlio area to he sofhU-d. For ])ost rosu s flu. '^ ° 
slionkl then d sked and packed. Tl.is method l.Ls t e -u • fnrr 
of nddu.fr cons.dcrablc topsoil to infertile areas. c nn cl S 
toj>.oil and ro.»ts otTers some resistance to d-.mmg, ^ nMnf dl nn 
run-off alt hou^dj ,t is not nearly so etfectir*. in this rispcc t sot 
sodding. Broadcast sod<lin,:r can bt> done econondcallv kr "elf 
cause t],e gatlu-nuor and planting, of the sod is .lone Inn t Si^l 
by e<pupmont. Hand lahor is pnu ticallv clin.inatei I iu fry 
n^fnnn .nnuni. spreader has been n.-d U spreading tie ^ S 

In l)liie<rra>.-, aieas, where the I ess-ex i)t;nsjve wdintr n,.,,-.«-l.., i 
Wen unpractical, soH.l soddin. has hee-l. nu,r; ^"i S-t ^ 1" ;^- ! 
IJernn..la grass sections solid soddin^r has fre,p,entlv Ixvn' necesl 
where an unmedmte cimnnel cover is re<iuire,l or wlicro Jn,,- ^ 
stoep (fig. 30). The sod is cut fVo.n a lv(> 1^ s^ I area "id ,«S 
1.1 con Muious strips across the water channel and tho on. iJ ? 

to place. It ,s nsnally cut in strips 1 foot wide ami fu. 2 inle 
thick. Irunsportmg the sod str iis on 6- to 10-foot Ixiarrk l«tl 
than nttein,.,tin. t.> roil then,, lins'faeilitated the n o -i^'" til'e^s T 
If e vly iHul sod is u.xposed to heavy run-off before the Kniss r2 
mv> had a chance to anchor the sod strips, it is frc.iuently ncici^r^^^ 

1 phtweijrht woven wne and stakes has been necos«a,T in Xc^^^ 
I he use of connnercial or lio.ne-made .sod cutters will inrterUk 
sist m redncin^r the cost of .smidin,; (figs. 21 and ooT' '""'^"''"^ 
tin,," of ""'i V'*^"" f™'si«l«7:nblo c.xi>en«e has Ix-en saTed by a combina- 
tio of sod.hng mu seedn.pr pro. o.lur.-s i„ establishing Ve-etaHon in 
a "^'r^' ^''"^ ^^ '"^ the intervening 

a d t IH ; n 1 'T^' ' '^l' «f f-^'" "tf is sodded 

s V sn^ ^ f ' ' • • oonenvo-shaped channels 

nd t/.Vr.nrin^'^^ Vl\' Solid, 

«od oni nTT r <'^tablislu.d by se,-ding. Occasiona 

d?rr, nTl In , "P "•<■ ^i'l'^'^ of the dn.inagewav to 

dirrit all low-flow rnn-otl to the so<ided iiortion. If terraces fiave 

rnn ofV'";Tr"r'' '"'^'^ l.«-<n-ide,f to coiney Jhe 

CONSTRUCTION OF MECHANICALLY PROTECTED OUTLETS 

ou^wTt to provide .ne.bnni<.il protection in terrace 

i 1 T? ' P^'''>'?'"^,"t.ftrncturcs of the weir-notch type are usually 

.,vUo ^^'^ of brick or stone ina.si>„ry. reinforce<l con- 

t's„ .11^. "*"V';t^ •>'<><'1<^ or a combination of those materials. 

mn 1 n^., ""'^^'V^J^ available locally will be used. In areas where 
good-qua it> rock i.s araihihle and where the labor necessary in quar- 
fiZuri excessive. rub],lc-mnsonrv construction will 

mually be iireferred. In onlei^ to provide a more stable structure 
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and cllmiiiiiio tlu' tliiii<ri'r of oiuckiiij:, iviiifonvil coiioivti* !■< often 
nreferalilo f*'i" iip'"'>» 'Ut-olT wulls iei;ui<Ile>s of tlii> kiml 

of imMwial used in tlie rest of the stnu ime. Tlie iipfoii sinl) slionlil 
have a miniiuuin tliiekness «)f iiu-lin« for dams up to 2 feet 
In (liiins more than '2 feet lupli this iniMiinum thicktiNW ^shonld U* 
increased alxnit 1 iiu'h for oaeli '2 fcft or fnn tion of u f<Mit of udtli 
tional hei<:ht. As fur a-< iH>s.--i!ile, cat h strnotiire s>liouUI 1h' Iniilt as 
a unit so that in thcoveiit of ^wrtial failure nri-<in:: from a wash mn 
around the end the strm tnie it-elf will not fail and run In- rejmired 
bv the ri'plfteeuM'iit of earth around tlio wa^hed-ont part*. 

Some general sjH'cifitatioiw; for the i-on*t met itm of snmll umatHirjr 
(heck dnms »iul their Itnaiion wiili rt»j|>frei to elmuupl and twrnJi"* 
are >-liown in fii;nre I'.'i. Tlie siHrKicut ion> a])p!y only to t!n> smaller 
type of stnii'tiU'es. I f struct iire-* luL'lier tirui I to ."> feet aii> re<|nired, 
it IS advisable to have .--epanile plans and >'|)ecdi( iul<)ns pn'pared l>y 
aconipetent en;;ineer. In onlinary work thi-*o hi;;lier struct nre^ me 
usually not required. Sati>fait»uy utinictunil ]m')t*ctiim ran ofim 
be providofl for » high ovfrf»ll by tliv luw of two or mow low struc- 
tures. In order to iwhu-p tho [K«KiI>ility of the Strnetui* failintr 
because of wash-outs, care sln>ul(l Ix* taken to provide ample notcli 
capacity for the contrlhut intr dminatre nrca ftahle 3), imperviou'^ 
foundations, and hindrances to soepaye around the structure. Cut 
of! wdls should cxteiul well into tli« ixtttoiu and fidtvi of the channel 
excarstion. and an impervious tyi>e of Siiil shoidd firndy tampe<| 
around the strneture. Particular fnn» should Ik* taken to sec that 
head-wall e.\tensioi\s j»o far enoujrh into the soil to ])rovi(le iide«|nate 
protection even after the side of the ditches slouch i>lT to a natunil 
aiifjle of rejKwe. On oolloida! soils, such tin the Texas hincklninl, 
which tend to crack and shrink away fi-oni structure xxalls diinnt: 
dry periods, further precautions nuutt be tJikeii in order to niiuiiuijst^ 
wasli-outs. In soils of thi* lyiw it Ii»9 boon found ndvniuaiieouA to 
mix a good port ion of saiul or nuuuiiv (uwmilly snnd) with the e.-'rtli 
that is used to bnckfill ai<nin<l flie structure" aiul then protivt tln> 
surface with a ;:ood s»m! cover. All earth filK, IwckfilU, or alofKa 
nibject to wash inj: should l)0 prote«'te»l with ve};etalion. 

Outlets that are to 1m« i)rotrcted hy Structures Munilil 1m' excnvntHi 
to aecomniodatp the Struct \nes and the ntnouut of niu-off to Ikj Imti- 
died. Although it is not always m'c«v*wiry to excavnto outlet clinn- 
iiels fully where structural pr»)leition U to lie pi-oviiled it is usuallv 
desirable to do so wherever convenient so the sides can !)•• sloped, 
berms leveled olT, am! sou\e vi«<,'etatinu estii!>Iished thereon. In some 
channel outlets only a minin\uni ammnit of excavation iJi re<|uired 
to open up the channel, and the roiuiinder of the eartli i« wn*Ju'd 
out of the channel hy s\il»eiiuent run «>ir. Plowing betwveu rniiw 
IS verj' helpful in hastiMiint; tlii-s pnM-p«. Structure l«i«-Htioiis niu«1 
beexcavatwl at least to the out-ide dinu-U'.ions of the sirui tnres, and 
n the masonry cannot l)e poured ilirectly au'aii\st the earth, additional 
excavation is usually recpiired in order to provi<le adccjuate workinjr 
s^pace around the structure. Mi>si of the channel can \)0 excavated 
^nth -Traders or scrapers, and ".steji cutting"' of the chaimel with 
arapers at the hxation of th« strueturB vfill often reduce uuich of 
tlie hand kbor r»quinwl for th» •itiwrnlicai. Stef> «utt4nf m llm 
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excavation of a drop acrtiss live cliaiiiml at tli« location of the 

^'xhe^vveir notch of torracp-ontlct structures should sel(h)in 1)0 loss 
than 18 inches deep, and the elevntioii of the weir crest should be at 
least 1 to 2 inches below the channel elevation nt the tcrnice out- 
let This drop proridos some allowance for roujrh construction prac- 
tices and avoids the possibility' of it«trictod torince <Iniinivf,'o as ii 
result of the crest's bcinj: finished lii<:her than the bottom of tJio 
terrace channel. If the vohinio < f ruu-ofi over the terrace-outlet 
structure is large it may I)e desirable to deepen the notch in order to 
avoid excessive widths, but extreme care nnist lx> exercised to i)rotect 
the drop from the elevation of the terrace channel to that of tho weir 
crest and i)reTent overfalls from ndvancing up the tcrrnce clunnml. 
This drop should be sloiied and sotldod. 

A "racle of O/i.') percent from the weir crest of the lower dam to 
the bottonx of the apron slab of the dam imniediatelv al)Ove will 
usually provide stable channels iK'twecn stnictuiTs. Since tho top 
of the apron slab should never be const ructe<l to a hi^rher olevntion 
than the bottom of the channel, the actual <;ra<le in the channel will 
be from the top of the ni)ron slab to the weir crest of the lowor 
stvuctuve. Detcrminin": channel gradients in this uiannor hfls tlte 
effect of increasing the actual {rrndc considerably if structures are 
close tofj^ther and reducin<; it if tiiey are nmre widely separated. 
Since the channel velocity is largely dissipated at each structure and 
close spacing of structures docs not pennit the velocitv to accelerate 
for any great length of time, it is believed that the slightly Klcei)er 
grade for short distances will usnnll v be safe. In some ItK'Hlit lOjs where 
soils are very credible a level gradient from the ton of flio Mjiroii on 
one dam to the weir notch on the dam innnediately below is neces- 
sary. Care must also be exercised to assure a stabilized grade Ih'Iow 
the last structure in an outlet channel. Too steep a gradient IhMow 
structures leads to the development of overfalls, which ultimately 
undermine or endanger the 9t.ructlir». 

The alinement of outlet stnictares with reS|x>ct to the terraces 
should not be overlooked in planning a terrace svstem in which 
mechanically protected outlets are to l)c nsed. T'he outlet struc- 
tures should be located and comiected with the terrace so that tho 
head-wall extension projects into the temice ridge. If a central out- 
let channel is nsed, into which teiTaces enter fi-om both sides, the 
terraces on opposite sides should appronch tJie channel dim-tly oji- 
posite each other, so that t4ie one outlet structure will soi-ve hcAh 
terraces. Tliis practice gives a systematic api)earance with any 
type of collective outlet. It is not e=sentiiil, however, in vegetated 
channels. In order to reduce the amount of excavation for the 
structure or to pennit a straighter approach of the terrace to the 
outlet it is often ad\isable to locate the strncture downhill as much 
as 1 foot in vertical elevation from the ordinary location, llie last 
section of the temice is alio moved downhill in a manner similar to 
that described under Alinement of Terraces and Outlets (p. 2C). 
Even though the terrace and outlet stnu tnre are moved downhill, 
same weir-crest elevation and terrace-cliannel irrade are maintained. 

It is usually advisable to use onlj' one outlet structure for each 
terrace interval. On the steeper slopes it may sometimes be neces- 
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I.— I'his is the ty]H.- of .stnietiiro most <oimiioiil v iiKwl if structural 
protoctioii Js iiecfssnry In farm (iMlnaitewftyS. 
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sary to use two structures for •*eli t«rr»ce imorvnl, in which cnso the 
second structure is usually located midway Ijotweoii tlie torraroH. 
Struotines at bends in structurally protected channels should Ik* lo- 
cated so that they will discharge tho run-off parallel to the diim'tioii 
of the chiinnel below the stnictui-e. With this i»i(x-ednre soitw rip- 
rappini: or protection of the channel side by sodding may be noces- 
sary imniediately above the strnctui-es, but the turbulence anil datigiM- 
of undercutting below the structures will usually be reduced to a 
minimum. Figures 24 and 2r> show nuisonry structuivs at critical 
points in an outlet channel. 

If run-off water must be conveyed over steep slope.s it may .*Juie- 
times be necessary to resort to high-velocity cnannels or contiunouK 
flumes (fig. 7). "Structures of this type will usually have ii very 
limited use, and capacity computations aiul design specification-; 
should be made by a competent engineer. The steep ^Ioik^s produce 
such high channel velocities that n comparatively small cross-sectional 
area usually permits a high rate of run-off disposal. Resides provid- 
ing wnple cut-off walls to prevent excossive se«pnge lx>twwu tho oarth 
and channel lining, an aj)ron or stilling Imsin must Ijo providiKl «t 
the end of the flume to dissipate the run-off velocity safely. A long, 
spreading type of apron nuiy Ix* used, or sudicient outlet protection 
can sometimes be provided by continuing the fhiilie 9«v«r»l TW* Mow 
the water elevation in an adjacent streani. 

MAINTENANCE 

The development of satisfactory drainajpsway.s and outlets usually 
requires considerable attention, patience, and inpeiiiiity. Tht» itKfthod.s 
and materials used, tlic soil and rainfall con<Iitions, and the .season 
of the year at which the work is done nil have a marked influence on 
the success attaiueil. Discouraging ivsults are fmiueutly e.\|HM ienoed 
Avhen high-iutcnsity rains or periwls of .severe (ironght follow the 
installation of the niitial structures or the planting o|>orationfi. An 
attempt may even result in complete faihiiv the fii-st time, hut \)ro- 
duce satisfactory results when rept»Htcd. If neoessarv precautions are 
taken and the woi-k conducted in a systematic and tliorough manner, 
the results will usually be satisfactory. After an adeciuate wnter- 
disposal system has been establishod for a farm it cannot Ik- consid- 
ered permanent and theivafter neglected (fig. 20). Systematic 
inspection, repair, and maintennncc must be cairied out year after 
};ear in order to assure proper run-off dispostnl and adoquHta proU-'c- 
tion of the drainageways. 

New drainageways and outlets should 1h' insi^cted periodically. 
Especially after heavy rains they should l)e e.xaminetl to determine 
whether they are functioning properly or need minor repaii-s. This 
IS particularly tnic in draiiuigeways and outlets in which the gra.sscs 
are not fully established. Some minor adjustment or repair during 
this period may often prevent fnilnre in establishing the cover. 
Damaged sod or washed-out seed .<fhouId he replacetl immediately, and 
any other condition that appears nnsntisfnctory or undesirable should 
"^corrected. Mechanical structures are also more subject to fniluru 
when first installed because it usually takes a year or so for thoin to 
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become tJioroughly settled, compacted, or sealed. AVash-o,jf« 
usually sma 1 at first and are easily repaired. If ncdectod 
enlarp until repair frequently becom<^s impractical i^nd the ei W 
structure must be replaced. 

Siltin- of {grassed dminageways frequently becomes serious Tf 
aie run-off carries silt from tlie adjacent fields, this soil is uJiallv 





TinnL'^7v f ^ ''^i rodents, mechanical damaKe. or inadc.i.iate maiiite- 
cr«d««nv^«rtv» "^■*'"f*"« tyi*. Unlass elitH.-ko,l, this ..verfall will 

gmduHlly advance and etiiarge until the entire drainugeway is destroyed. 

filtered out by the Te*?etation and deposited in the drainagewav 
[ng. Ji). ihis deposit is not only detrimental to certain varieties 
01 grasses, but it also reduces the capacity of the drainageway. "When 
sufficient silt has accumulated to make the capacity inadequate, over- 
topping leads to the formation of gullies along the sides of the drain- 
ageway. l He ^vay to combat overtopping and gullying is to prevent 
silt being washed from the fields. This can be done inost effectively 
by applying adequate soil coiiservstion measures on the drainage 
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FiGUEE 27.— Silt from iiiiproiierly pruUi-liil tli'KU tllU llils rlniliiHec<WHy. 

area. As an aclditionnl fiictor of safety, {Iraiiin^owiiys slioiilil ho iimtk 
wide enough so that a little siUirij; will not cniiso ovi'rtopjiiii^'. 

Silting and the danger of overt oppiiifi can also be nuniuiized hy 
properly inaintainin<j the vegetation in the wnlorwuy. It hhoiilil Ihj 
mowed at regular periods to pi-evont tlie fonnatifiu or a i-aiik growth. 
A tall growth of vegetntioii rechicps the discliargo CHpauity jiiui 
velocity unnecessarily and retains more silt than a shorter jji-owth. 
Even though the drainageway is grazed, some mowing will usually bo 
necessary to control the gi-o\vth of tall weeds and sprouts. Pi-oper 
mowing and grazing of the vegetation will also tend to develop a 
cover and root system that is more resistant to erosive l un-oir vehwi- 
ties. If K restricted -channel tyiw of outlet is used, silting can alsf) ix? 
minimized hy designing for noiisilting vclocitios wlivrcver practical. 
Silted drainageways or channels must Ik» cleaned ont or enlurged so 
that the requu-ed rnn-oll capacity may he renewed. 

All structures and plantings in di;iinagewuys and outlets nni^-t i>o 
protected from damage by livestock and rodents. While some graz- 
ing is iisiially beneficial, overgrazing and excessive trampling by 
ivestock destroys the plant cover anil causes failures. It is j)articu"- 
larly important that crazing be prohibited vvliou the groniwl is soft 
and that some type of obstruction bo used wherever neee?!«irv to pre- 
vent livestock from forming paths up and down drainageways. Ilogs 
are particularly destructive liecause thev root iiji vegetiition and 
damage structures. Burrowing rodents frequentlv cause fniluie of 
drainageways by destroying the sod aaul digging lihroiigh or around 
structures. Poisoning or trailing th» rodonts mav Iw nocBseiM'T for 
adequate protection. 

In some areas it is customary to use drainageways as roadways, 
but this practice should not be followed siufo it usually ilostn)V» tli« 
vegetation and starts rnn-off concentration or gullying." 

All types of drainageways and outlets require 'inspection, mainte- 
nance, and timely repair if a long period of satisfactory service is 
to be expected. If neglected, thev soon become inetrectiVc, and tho 
enort and money expended in their establislimont arc wasted. 
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